The aim was to evaluate the reliability and validity of a questionnaire to assess organophosphate pesticide (OP) exposure in agricultural workers. We then enrolled a random sample of 114 agricultural workers from the region of Maule, Chile (mean age = 50 years [SD = 12]). An internal consistency analysis (Cronbach's alpha> 0.70) and a Varimax rotational factorial analysis were applied. The instrument had a high reliability to predict likely occupational pesticide exposures: Cronbach's alpha = 0.95, the Kaiser-Meyer-Olkin (KMO) measure was 0.90 and the Bartell sphericity test = p < 0.001. Four factors explaining 68% of the variance were extracted. The factors identified were as follows: (1) labor conditions during application of OPs; (2) use of personal protective equipment; (3) workplace conditions related to OP exposure and (4) home conditions related to OP exposure. The questionnaire has adequate metric properties to characterize likely OP exposure of agricultural workers and to explore associated working and home conditions. ARTICLE HISTORY
Introduction
Organophosphate pesticides (OPs) are the most widely used and sold insecticides (Suratman et al. 2015) . They are predominately used to control pests in agricultural settings. Human exposure to OPs can adversely affect human health (Liu et al. 2014; Lerro et al. 2015; Sánchez-Santed et al. 2016; Urlacher et al. 2016; Muñoz-Quezada et al. 2016a ). Acute intoxication results in headache and abdominal pain, nausea, vomiting, dizziness, dermatitis, skin lesions, sleep problems, salivation, blurry vision, leg cramps or muscular weakness (Azazh 2011; Jensen et al. 2011; Suratman et al. 2015) , extrapyramidal symptoms (Reji et al. 2016) , kidney injury (Lee et al. 2015) , among others. Severe intoxication may result in death (Lee et al. 2007 ). Cognitive and motor difficulties are the most commonly described neurotoxic conditions associated with chronic occupational exposure to OPs (Starks et al. 2012; Meyer-Baron et al. 2015; Muñoz-Quezada et al. 2016a , 2016b Corral et al. 2017) . Recent studies have also shown OP exposure is related to emotional disturbances (Mackenzie Ross et al. 2010; Harrison and Mackenzie Ross 2016) (Hoppin et al. 2009 ), Parkinson's disease, neuropathy (Povey et al. 2014 ) and cancer (Alavanja and Bonner 2012) and poorer neurodevelopment in children (Bouchard et al. 2011; Rauh et al. 2012 ). OP exposure is usually assessed through measurement of either acetylcholinesterase (AChE) activity in blood or metabolites in urine (Wessels et al. 2003) . When levels of blood AChE are low, it is assumed that the individual is exposed to OPs, especially if comparisons to baseline, prexposure AChE show declines. Measurements of erythrocyte cholinesterase are used to evaluate chronic exposure and also cases of acute intoxication. The measurement of plasma AChE is only useful to evaluate acute intoxications. Urinary biomarkers are so far the most sensitive to assess OP exposure and involve measurement of dialkylphosphate metabolites or specific metabolites of OPs such as chlorpyrifos, methamidophos, malathion, diazinon or dimethoate (CDC 2015) .
The methods described above, while relatively sensitive and specific for measurement of OP exposure, are costly, both to collect the samples and to conduct laboratory analysis. In Latin America and developing countries, there are few laboratories and staff prepared for blood analysis. For measurement of pesticide metabolites in urine, certified centers are mainly in the United States of America (USA) or Europe (Muñoz-Quezada et al. 2016a) . For follow-up or monitoring studies, occupational exposure to OPs and health conditions are often evaluated through questionnaires or review of clinical symptoms (Engel et al. 2001; Samanic et al. 2005) . Recent studies have employed questionnaires to investigate pesticide exposure, use of personal protective equipment (PPE) and health problems; however, few studies have examined reliability and validity of these instruments (Samanic et al. 2005; Beseler and Stallones 2006; Lekei et al. 2014; Potts et al. 2014; Damalas and Abdollahzadeh 2016; Gesesew et al. 2016) .
In Chile, epidemiological surveillance of workers exposed to pesticides is conducted based on a protocol developed by the Ministry of Health (2017) that aims to prevent health problems. Based on review of the potential for pesticide exposure by the Institute of Public Health of Chile (ISPCH 2004), a questionnaire was developed to specifically assess occupational and household exposure to OPs in both applicators and nonapplicators working in agriculture and symptoms of intoxication. In the following study, we evaluate the reliability (internal consistency) and factorial validity of a brief questionnaire to assess exposure to OPs, working conditions, and symptoms of intoxication among agricultural workers that can be used to support research and investigations aiming to prevent adverse health effects from pesticide exposure.
Methods

Study design
We enrolled a cross-sectional sample of 114 agricultural workers living in the region of Maule, Chile.
Study groups
About one-third of the population, estimated at 305,077, in this region is rural, the highest proportion in Chile, and 30% of the workers in the region work in agriculture (Government of Chile 2015). According to the Chilean Agricultural and Livestock Service (SAG 2012), the region has the second largest sales of pesticides in the country (Maule~10million kg/L), with a 29% of insecticides used nationally, of which 52% are OPs. In the Maule district, diazinon (~1 million kg/L) and chlorpyrifos (~231,000 kg/L) are the most commonly used materials.
We identified agricultural workers for potential recruitment with help by the Institute of Agricultural Development (INDAP), a government agency that supports small agricultural producers. The sample was a subset of a larger study evaluating OP exposure and neuropsychological and motor performance in rural populations (Muñoz-Quezada et al. 2016b ). Agricultural workers were randomly selected from INDAP records and contacted to schedule a meeting to obtain informed consent and administer the questionnaire. Pregnant women, workers with mental disabilities or severe psychiatric disorders or any disabling diseases were excluded. This study was approved by the ethics committee on human research of the Universidad Católica del Maule. Written informed consent was obtained from all individual participants included in the study.
Questionnaire
The questionnaire was based on pesticide exposure instruments developed by the Institute of Public Health of Chile (ISPCH 2004), with additional questions added to assess exposure characteristics, occupational conditions and the health status of agricultural workers. The questionnaire was revised based on review by six experts in pesticide exposure and psychometrics. They reviewed the questions and agreed which were pertinent to pesticide occupational exposure issues. The agreement achieved in the final version was 100%. The questionnaire was then pilot tested in 17 exposed and 17 nonexposed workers to assess only the applicability of language and response categories.
The first section of the questionnaire (26 questions) asked about sociodemographic data and general health conditions considered to be hazardous for an agricultural worker exposed to pesticides and to confirm that the worker applies OPs (see Appendix A1). The remaining questions obtained information on demographic and occupational characteristics, job title (applicator/nonapplicator), pesticide exposure risk factors, use of OP or other pesticides, housing conditions and home pesticide use. Additional information was obtained about symptoms of potential OP poisoning. The questionnaires were administered written in Spanish; interviewers provided additional help to those workers with reading and writing difficulties. The answers to the questionnaire were tallied, with a maximum score of 65 points, and with higher scores representing greater risk of pesticide exposure and health effects. Questions answered as 'not applicable' were coded as zero (0).
Data analysis
First, the sociodemographic characteristics of the sample were briefly analyzed.
To determine the validity of the instrument, we performed a factorial analysis with extraction method of principal component analysis (PCA) with the Varimax rotation method. We describe the Kaiser-Meyer-Olkin (KMO) sample adequacy measure and the Bartlett sphericity test to compare the magnitude of observed and partial correlation coefficients.
Subsequently, an internal consistency analysis (Cronbach's alpha equal to or greater than 0.70) was employed with the total scores of the test and with each factor, applying a corrected item-total correlation analysis. Finally, we calculated the descriptive statistics of the total score of the instrument and the factors obtained after the factorial analysis. A 95% confidence interval was used. SPSS 22.0 software was used for data analysis.
Results
The average age among participants was 50 years old (SD = 12). Overall, participants had an average of 21 (SD = 16) years working in job categories with potential pesticide exposure. Sixtyseven percent were applicators (n = 76), who had been applying pesticide for an average of 10 (SD = 13) years. On average, participants had 8 years of school education (SD = 3), and 65% (n = 74) were men. The average household monthly income = $344 (SD = 147) USD, similar to the minimum wage of Chile of that time. Table 1 shows the frequency and percentage of response for each of the questions. We note that all the alternatives of the questionnaire contain at least one answer from the workers, and there are no questions with a total score of zero points. The sample adequacy measure of Kaiser-Meyer-Olkin (KMO) results = 0.90 and the Bartell sphericity test = p < 0.001. The initial eigenvalues were six factors (cumulative variance = 75%). Table 2 shows the 37 items summarized in four factors extracted after the Varimax rotation. This factorial model accounts for 68% of the variance; factorial loads were greater than 0.20 and each factor has more than three reactants. Factor 1 presents the highest number of variables with interactions. Factor 1 is dominated by variables related to pesticide application. Factor 2 summarized variability related to use of personal protective equipment. Factor 3 is directly related with hygienic workplace conditions related to OP exposure and factor 4 presents the home conditions that facilitate exposure to OP in workers. Table 3 presents the reliability analysis of the instrument. The questionnaire achieves an alpha coefficient of Cronbach total = 0.95.
Cronbach's alpha was greater than 0.70 for three of the four proposed factor groups ( Table 3) . All correlations were positive and greater than zero. The weaker correlations were of the items related to workplace and home conditions that facilitate OP exposure. Table 4 shows the means, standard deviations, median, interquartile range, range, minimum, and maximum scores of the questionnaire answered by the participants (maximum score 54 points) for each of the four factors. The final composition of the questionnaire according to the four factors extracted and the respective scores is shown in Appendix A2.
Discussion
We evaluated the psychometric properties of a questionnaire to characterize potential OP exposure. We identified four factors with the PCA extraction method. The items were grouped as follows: the working conditions in the application of OP in agricultural workers (factor 1); use of personal protective elements on the part of farmers (factor 2); sanitary workplace conditions that prevent exposure to OP (factor 3) and home conditions related to OP exposure in the workers (factor 4), which represented 68% of the total variance. These factors were reliable and internally consistent, with a reliability greater than 75% in the first three factors and 60% in the fourth factor.
Within these factors, it was found relevant to leave the items comprising a moderate correlation with the total (Table 3) , considering that if the element was removed, the change in Cronbach's alpha of each factor was not significant. Also, the content evaluated for those items may provide relevant background information for evaluating exposure to OPs, such as the questions of the factors 3 and 4, given that there are other exposure pathways which are related to the variables of occupational exposure to OP (Lekei et al. 2014; Muñoz-Quezada et al. 2016a; Corral et al. 2017) , especially for applicators (Gesesew et al. 2016) .
This questionnaire represents a first effort towards the future development of a standardized version, with test-retest reliability and criterion related validity (compared to biomarkers) as a complementary measure regarding the exposure to pesticides on agricultural workers.
The resulting contents from this first version coincide with other validated instruments, which aim to assess exposure to pesticides related to the use of PPE and exposure conditions for applicators and nonapplicators (Engel et al. 2001; Lekei et al. 2014; Gesesew et al. 2016 ). However, this questionnaire has the advantage of including specific items to evaluate OP exposure mainly related to occupational conditions of workers.
A questionnaire developed by Lekei et al (2014) demonstrated to be valid and useful for inquiring about broad categories of pesticides and those of common use. However, the workers showed difficulties in recalling the most specific active compounds of pesticides. The authors mentioned that this was influenced by the information that was communicated by the authorities about the hazardousness of the pesticides to the workers at that time. Also, we would add that in general, the agricultural population has less access to formal education, which should be considered as an important factor when elaborating the items of the questionnaires. In this sense, in addition to including an open question about the use of pesticides, we propose considering the specific names of the pesticides in order to facilitate that the workers can recall them. In this study, our purpose was to develop an instrument that aims to specifically assess organophosphate exposure. In the same way, we believe that specific questionnaires should be proposed for other pesticides too, in order to avoid confusing the respondent among different substances types and classifications. Gesesew et al. (2016) and Corral et al. (2017) showed in their studies that the use of questionnaires on knowledge and attitudes regarding exposure to pesticides allows to assess the behaviors associated with self-care practices, the beliefs about the effects on health and workers' risk perception, providing useful inputs to the authorities for decision-making about workers' training and vigilance strategies of the terrestrial application of pesticides.Compared to these valuable previous efforts, our study provides more specific questions about the use of PPE, the exposure of seasonal workers and pesticide applicators, the exposure at home and the conditions of hygiene at work. Also, we included a series of questions that aim to identify acute and chronic symptoms of exposure.
A limitation of our study is related to the fact that we were not able to compare the questionnaire results with direct biomarkers of exposure to evaluate the sensitivity and specificity of this instrument. Thus, this instrument is intended only as a descriptive measure of potential OP exposure in agricultural workers. Further evaluation using biomonitoring is needed to verify OP exposure assessed through the proposed questionnaire.
In summary, this OP exposure questionnaire is a valid instrument to evaluate potential occupational exposure and provide information on working conditions and housing. The epidemiological analysis of the association between exposure to OPs evaluated through this questionnaire and the health conditions is presented in another published article (Muñoz-Quezada et al. 2017 ). In addition, it allows the provision of timely information to guide public and private institutions that can take action to control risk behaviors and provide oversight of situations that imply noncompliance with current regulations, aiding to an adequate protection of the workers' health. 
